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(54) FREE CUTTING STEEL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide free cutting steel excellent in machinability in an as- 
rolled state without addition of lead. 

SOLUTION: The chemical composition of the steel is regulated so that it consists of, by mass 
<0.05% C, <2.5% Si, 0.10-4.0% Mn, >0.20-0.8% S, >0.004-<0.08% B, >0.008-0.050% O, <0.050% N ' 
and the balance Fe with inevitable impurities. 
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(54) KSffl«i] tfefflff 



(57) [fi«] 

[tfft^R] R*H#*n?, C : 

0. 05%**t. Si : 2. 5 %^T« Mn : 0. 10%^±, 4. 0 % 
S : 0. 20%j@, 0. 8 %J£TF> B : 0. 004 %B. 0. 
08%*#i> 0 : 0. 008 0. 050 %£TF£J:tfN : 0. 
050 %*$££WU B»ttFe*J:tfJFi9»«*IM&© 



(2) 

1 

irnxm i ] wm&ttm-?, c •. o. osx**. si : 2. 

5 %UT> Mn : 0. 10%£U, 4. 0 %&T» S : 0. 20% 
jfi. 0. 8 %£TF, B : 0. 004 %j@, 0. 08%*^, O : 0. 
008 %m> 0. 050 XfilT*<fctfN : 0. 050 SS***^f 

fcCu£2.0 %, Ni^2. 0 %, Cr^3. 0 %, Mo^2. 0 %* 
.fctfNb^O. 10% 10 
© 5 % m/v£ 1 a * fc tt 2 «K±ft * fflfiK C 

W^O. 1 %43cfctfV^0. 5 % 

[»*«4] »#Bl. 2S&tt3C*WT. St*W 

P^0. 2 %, Te^O. 2 %, Se^O. 2 %, Ca^O. 02%, RE 20 
M ^0.02%, Zr^O. 2 %, Bi^O. 3 %, Sn^O. 3 %, Sb 
^0.2 %, Co^O. 1 %£cfetfTi^0. 3 % 

fc*;id:£»*£t--5fcBMI. 
[»#S5] 2, 3Sfctt4C*HT, » 

Mg^O. 02%, Hf^O. 1 X£,J:tfAl£l. 0 % 

© 3 % ft 6 a 1 8* It tt 2 SfiU fc^tff 3 fflfiic t 

fcS££*fc*tr3ttBJ«. 

[5WJ©#»fcttW] 30 
[00 0 1] 

[58W©«f-5a*»»] £©5M!tt, ftftlMtcHU 

©MBJtt©W*iJ&l6l-t£03 5 fT« fc©T£>5. 
[0 0 0 2] 

[ft*©8ffi] WBHHItf®IA***«IDII«fi 

att*o«9JttK«nfcttiw»t-bTtt. j is case 
tLT^i^AftBJSr 7-^;nftffl«. -fe>>ftBi§H 

fc«fctfE*Y*ftBJ*fc£8*©M##lilfg£tt-a> 40 

[0003] «tnrt>. mmz&n, l& 

**T»SCtjJ»6. «#©«jB«Sfc*ttTfc<. **i 

■afc. £©£&, tt£iffll*reiMttOM£: 

ra<?8ff©*BJtt**T4ttB!l«©BI56a«asnT^ 

fc. 50 
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2 

[0 0 0 4] ±E©S»fC*>l-5t)©tUT. #Jx«4# 
MBS50-96416 M4>©C«flMB& UT??£ 

3U\ ^©JR«©«^*iH»ffffl*ipJja-r*c:tt:«fcT) 

SnTVi*. £©;$}£«, H+WCSH 

«Bfls-r**»±» ^©^atbT^fflii^pj^T'* 

[0 0 0 5] 

[f8W***ftbJ:5i-r*«lH] £©«««, ±IB©S 
feES*ST«BJttt«nsftBJfH*S3g-r-5Cl<h5:@ 
[0 0 0 6] 

[«H*W»-r*fc»©¥R] ST. «* 

*io*r t *>jo£ * * T«*jpfP! t H»©*ftH££*rr 

SB&OlM&KlOWT. tftit&W LfclS*, fiTFC^ 
1) S!t»©-feA>^'f ht««r*ttCJ:oT. I* 

*£#ttttu x**^dti6i±T5. £©»*«, cm 

[0 0 0 7] 2) C*&a05iMSsX**Ctt~FS-fr3 
-*Tft*Lfc«»Jjil3fi«*»fL-^6<!4b«0««l 

(a) B£0. 004 mass%jg. 0. 08mass%*St. NS 0.050 
mas s % ©36 HT^Jn-r -5 * «fc 

(b) Mn£0. 10mass%K±. S ^0. 20mass%S*5J;^O^ 

o. mmassxmmiat^t^v 2-z><D^^mmizt^ 

[0 0 0 8] f Oi*ll. '*©i*DTft5. ^©^M 

ItatJS^UTKnO*4)«-rs. iinicj; "3MnO±f-MnS 
*^J«L, MnO-MnS*^a«*«»riESn-5. MnO- 

^©J^. B^±fB©^HT^llOLT*3< Ct 
fc«fc»3. Mn O -Mn S t Sffi i © IC B 

WU MnO-lhS«^aE«©ffltt«»*«tD-»«lll 
UT, l6:A*4'ffffltJ:*^5 2/^©4l«*(ieji-r'5. 
Bisi^Ntt. a^*©efi±(l<i*rLl^ttR 
lfaO-MBS*£#tttt'v©«A*'!n?HD©* 

^ns©fpfflfCcfcoT> QQiiottKtiAm 

Cft±1-*IS*, C»*i0. 05iassX*SiiV»5fEC»!t: 
*^Tt>, «J0JI!***»5m6ilTt^-3fcliJ6^»D*| 



(3) 

3 

5. 

[0 0 0 9] 3) ±!B1) CJDAT, X***©|il±lC 
tt, 3IM©Mn:fcc£tfB©^ftl;!>tW3!>X&-5. d©gfi 
tt, Mn, BO^JDt.koTffliia'ffCl^i'^'f 
fifcb. £©^-f ^--f h«tt7i7-f HCJt^xaRT 

£8o¥«±©-fe*>:?-f h*t«abfc*»**T*fc 
-e-ftg#^bo*£><, ^©fc^^ffl»xi^tie^ 

aa+cw^-r hai»*«# 

IBfitfftTL. Xft#fr#|6]±-f 5, £©3!9ite> ±B 

[0 0 10] ffcbS, £©»W©aaa«tt&©£*S 
DTM. 
1. 

C : 0. 05%*#t. Si : 2. 5 XETF. Mn : 0. 10%£JU. 4. 
0 XKT. S : 0. 20%j@. 0. 8 X£TF, B : 0. 004 96 
ff. 0. 08%*St, 0 : 0. 008 Xj@, 0.050 XfinF*«fctf 20 
N : 0. 050 X U 8a5«Fe£cfctf*nJjBW* 

[0 0 11] 2. ±Blfc*t»T, Jt»W#*T, $5 
Id 

Cu^2. 0 96, Ni^2. 0 %, Cr^3. 0 X, Mo^2. 0 
tfNb^O. 10% 

[0 0 12] 3. ±Elittl2CM>T. 
X, Set 30 
W^O. 1 X^cfcttV^O. 5 % 

[0 0 13] 4. ±|S1, 2Sfctt3fc*V»T. 

P^O. 2 X, Te^O. 2 X, Se^O. 2 X, Ca^O. 02%, RE 
M ^0.02%, Zr^O. 2 96, Bi^O. 3 X, Sn^O. 3 X, Sb 
^0.2 X, Co^O. 1 Xi5J:tfTi^0. 3 % 

©3 -5 i ffl*fc« 2 aohtswrsajSK 

ft*Ctft1f«tt*ttffl«. 40 
[0014] 5. ±121, 2, 3ifcB4C*ViT, R 

fiw^^T. set 

Mg^0.02%, Hf^O. 1 %*5J:tXAl^l. 0 X 

03-&a>5a^£ia*fctt2a«±*£*rr*artfc 
fca£t*a«tr*wna. 

[0 0 15] 

[»a©**©»a] WT. C©56Wt*3^T, SH#© 

5. 

C :0. 05massX (U~f. *tXT*"T) *** 50 
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4 

ctt. aa««©fc»fc:*iirr<5. b^L&#£, 0.05 
xeuain-r st, waaxacxaaajwiwcu is 

BJtt**ftT-r5fc», CttO. 05X*afc«Bbfc. fc 
i3, jifJKBfl. 04X&TT&5. 
[0 0 16] Si : 2. 5 X^T 

TGjSttbXfcWS&XfeSdV 2.5 XSafcxaftrrSi 

iA»a«»ttTr*fc», 2. 5 x«TK:MRbfc. » * 

b<« 0.6X&TX&3. 
[ 0 0 1 7 ] Mn : 0. 10%£LL, 4. 0 XttT 

l, «fflttsn»i±s-&satf3&t*s. *fc.'aaa«© 
tto*«t«sta^bTiho-ihsa^aEa*a(K 

8t*5««, 4.0 fca***±*u amtt«t 

ftTfSfc*, MnteO. 10~4. 0 X©«HfcR£bfc. * 
*5. ckt)$f®(C« 0.5-2.5 %©^HTfe^o 
[0 0 18] S : 0. 20Xjg. 0. 8 %&Tf 
Stt, atTMnta^b, MnSifcoXWffllnia©* 

««3a©»a**afc:bT*att*ift 
-ks-fr5*Mi7c»x*s. b^t^c^e,, ^ws^o. 20 
xaTTtt-t©ama*tab<. o.sx^s^t 

«ttf*£anJnitt©fcT£ffl<fc», SttO. 20X 
8. 0.8 X&T©«H£Ri£bfc. 
[0019] B : 0. 004 Xj@, 0. 08X*i£ 

Btt, Mno"-ihisa^ft«t«at©ffffik:awb. 
a o m^mmuo -Mn s &&fr&a©a&aa£aM 

bT, *A«'frfc:«fc4*7v*©£fifc£flg*U 91 OB 

aaatt^foxs-ttSo Sit, Ntoa^fcto^a-r*. 
BNii aa*ffl*«ttf***«f»atbT©ffM**-r 

Sfcaxa*#*«ktf«DaaWtt*|i>l±3ii-*. £6 
-f5„ b*»bft««6, £***t0.004 xarxte^-©2& 

**«/h*<.- -*o.o8xa±ambTt>, ^-©^*«^ 

ftfcMb, tfb5fig»=i7.h©±#$}a<fc*, B« 
0. 004Xj@> 0.08X*»©aHKlE3ebfc. a*, ff* 
b<fj 0.015X«TTfe-5. 
[0 0 2 0] O : 0. 008 Xfi, 0. 050 X&T 
Ott. Mnta^bTMnO*4ar-5. cn('«tOMnO± 

citas*»*rtb, Mno-Mnsa^iE«*»a»s*n*. 

MnO-MnSm^^ffif3«BEjiT#@bO*6.<, Jttt^a 

ttfciEv»attT#ttr.*&a&, «aaiak:ifi:*«+a 
tbxf^ffl-r-So c©fc»ott»«»ica»r*««, o. 
008 xetT©aaTtt"€-©a«jj«^*<, o.osox 

•57c*, Ott 0. 008Xjg. 0.050 X«T©aHKBSb 
fc„ £43, ff£b<te 0. 030X^TXfe5. 
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5 

[0 0 2 1 ] N : 0. 050 %*iS 
©MnO-Mn S «Ett^©j6a««pTfl 0 ©Si6[c£ 

5. Sfc. Bt©tS^fcJ:OBN«:'»rtU *©*»fc 

Wtftrtl±S**fl£JB*«**©T«*»fcWll"r*. t 
^ff*M.05X£U:K:fc*£*l!*©rt»* 
B*J:t^RBB«Eji«»dfe-r-5fc©, NttO. 05X*ltlcR£ 10 
bit. 

[0 0 2 2] K±, **|*£Coi»T«t!IIUfc*», £© 

3BWTtt±eufcit*rii»©«iic, «T©^^**ip-r 

t', Cu, Ni, Cr. Mo*cktfNb©3^SgA/fc*l«i:fc 

» 2 a«±^^SD-r * c 

[0 0 2 3] Cu : 2.0 %&TF 
Cutt, ttAtt£tfil±a-&, ^-f^--f hfflJ«4*KJ:5tt 20 
9Jtt©lfiI±*«tt«l***«'r*fc©K«llI-r4Ct35» 

3©T, CutS2. 0 XenFTSffS-BrSfcOtUfc. »t 

[0 0 2 4] Ni : 2.0 96&.T 
Mitt, *AttrtlJtK:J:*'<W-*--f hflli£AlcJ:ftttm 
tt©|n]±43«fctf3!£*«©fc©K&ta-f 3 d 

<, M^±#LT«Mtt©ttT*SK©T, Ni tt 2.0 30 
%«TT##^-B-?)fc©«hbfco ^jfSL<« 1.0% 

[0 0 2 5] Cr : 3.0 %WT 
Crtt, j^Att©|nl±{CJ:f3, ^-f^ hifli®©±fi££{£ 
J13*, lKV»Ttt*B'Jtt*J:tfai**l6l±S-a--5Wffl5c 
3tT&5o UfrWttftS. 3.0 X*jH*.TSSttrr4i, 
**39»±#UT«»ltt3&«ft"Fr* WT?ft< . fifcftnx 
h*>±#T-5©T. Crtt 3.0XjKTTMrSU-*t>©£ 
Lfc. £43, $f$L<tt 1.5XKTT**. 

[0 0 2 6] Mo : 2.0 %£TF 40 
Mott, ^Att^lCcfc^^-f^-f hlUI£ffi(CJ:«1ftM 
tt©fl±*«fctf3l««ft©fc*£*illT*££#T* 
-5. Lj*»Lfc0»S, j&fOftMtt, Kfl5CO<«ttT?fc 
<. »«««±#l/T«llltf*«ttT-r*©T?, Mott 2.0% 

amt*t5t)©tLfc. ^»$i<« i.o%& 

[0 0 2 7] Nb : 0. lOXEUT 
Nbtt, &Att£|n]±$-8\ ^ ^ hMM^A(cJ:«lft 
Mtt©fl±*J:E^fl^««r3fc*K*J0-r*;i£j&* 
T#3. ia«fCJ6*lLfc«^, fiJt#37. 50 
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h#±JW*£tfT&< . aiflEa*±#LT*BJtt©fiT 
£ffl<©T, NbttO. 10X£JlTT&W3-fr*t>©iLfc. 
[0 0 2 8] g-fc, il«|ft±SHSfc«>fC. W£J;tfV 

<»o*>fr6 m/vfc i a* &tt'2 assio-r * c t 

W : 0. 1 %£TF 

Wtt, H*CJ:*ifc«rtI±fffl!**rt-*««, 0. 1 %£j@ 
&?SOT«&VEMtttfttT'4'3©T. Wtt 0. 1XETF 
T?^#£-&St>©£:Lfc. 
[0 0 2 9] V : 0. 5 X£TF 

Vtt, V (C, N) CJ:*»fflSlfl:CJ:0!l«ftft±S 
■fr**ffi7C*T»4«». 0.5 X*iB*T«S;[irr-5£«ffl 
tt*»ttTr*fc*. Vtt 0. 5%£TFT^r£l±3 =&©<!: 

[0 0 3 0] SSfc, *»jtt©3&fc*|i»J±£H'5&«> 
te, P. Te, Se, Ca, REM, Zr, Bi.Sn, Sb, Co£J:tfTi 

P : 0. 2 %J^T 

Ptt. *ki&Ltz®r)m i P<Dt?yvZ<0&mZ®mzt ; S> 

*». 0.2 XtiHATiaB"r*tl!HIWDItt**TS** 
©T, P*tt 0.2X£nFKBlj£bfc. 
[0 0 3 1] Te : 0. 2 X&T. Se : 0. 2 X.WT 
TefcitfSett-tn-^n. Mntfe-&LTMnTe*J:0«nSe£ 

<fcD*MttS#irr*. LjfcbfctfS. 0.2 %£jg&T 

<©T, l>ftiti 0. 2%J£TFT*^fr£i±3 *>©£ 
[ O O 3 2 ] Ca : 0. 02%£TF. REM : 0. 02%&T, Zr : 
0.2 X£TF 

Ca, REM £J:tfZrtttvrn>b. MnS t^tc^bf)^^^ 

ftB'Jtt^&S-r-S. Ca : 0. 02%, REM : 

0. 02X£=ktfZr : 0. 2 XSjB*T*lPUTt>a***fiSl 

K ITtt $ -tt 3 <b © t L fc. 
[O O 3 3] Bi : 0. 3 

Bitt. mm<D®m. m®%&vmfcfemz&Q, mi 

3. L^LfctfS, 0.3 X*jB*T*l0UTt>8Mfe&«ft 
ftTStt^Ofr, Efe^nAHdi±#-r^©T, Bitt 0.3 
XtTFT^SitS 1>© t Ufc. 
[0 0 34] Sn : 0. 3 X£TF. Sb : 0. 2 % £TF, Co : 0. 
1 %£TF 

Sn, Sbls«ttXCott^-rnfc, JH^fflUctOttBiJtt^lfi] 
±$^-5tc*T*3o b^L^e.. Sn : 0. 3 %, Sb : 
0.2 %*5<ktfCo : 0. 1 %£j@;iTSstnLT ! b, »Sktfi& 
fPl--5±, n7.h^±#b, «afWK^F«t*5©T, 
lrimt>±B©«HT^WS*-5t)©d:Ufc. 



(5) 
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[0 0 3 5] Ti : 0. 3 %&LT 
Titt, TiS£=fctf (Mn,Ti) S^BELTfflD/B'f'©^ 

ua>ufca«s, 0.3 x&mx.Tmm-rztiB.ttviNZ 

*Wf-5©T?> Tifi 0.3%«T©l6 , aicK£L£. fc 
£. &£lXt20.01xg , ,T*?&*. 

[0 0 3 6] *■©», «T©7c*£SSto*" * it t»-e* 

*. 

Mg : 0. 02%«Ti5=fctfHf : 0. 1 %£TF 

[0 0 3 7 ] Al : 1.0 %&TF 
Altt, H*Hflst:«t*»*fl!)a«*«t«K»K:*3a?!i:5c 
*fciHfc*n?&3 Ali&W^lnX'ftajttfJ 

nr. *fls««*«RT»sfc»i^e*6«««ji*h«^ 
6. i.o %zmz.Tmixi-rz>tmmmitmz£z>xmm 

&&©T. 1.0 XEHTfcMRbfc. &*, ff£L<«:0. 
02%*i£T&&. 

[0 0 3 8] -e-©*B*6, PbttS 



8 



[0 0 3 9] CO«*li|fflffaWS*frC"3t>T 
[0 0 4 0] 

[SUM *1, 2{'^T$#&j£fcft-5ifW£, 
fcTfcBU a«iak:J:0y*-AtU^O"6, 150m 

m ftnuy hizmms.mL, -D^-vmmmm : 1200*0. 

tfc±»«: 950 •C©*frTT©IMIffi«CJ:D. 35mm<> 
©JMHiLfc. £©«fc3fcLT#Sttfc*M!©«;£, * 
20 fflttfcOl^TiMELifcgSS* 3 CST. CiT, S3 

ffl^T. ey*-7.««H-fr«kO#»: 98.07 NTIS 
Lfc. SiJttB, /Vf*I*(SKH4)£fflV>, WB'J 

iSS : lOOm/min. MO : 0. 25mm/rev. , :2.0 m 

m. «Bfil©£ftT. ftHMUHBOIlK.fcO'fffliLfc. 5 
SC. Ij^ifrfJfctt, ££ffl«*T©*WMI9IHT» 

[0 0 4 1] 
[«1] 



No, 


& ft & (nass%) 




C 


Si 


Un 


S 


B 


N 


O 


*r CD flfi 


m # 


1 


0.015 


0. 24 


2.53 


0. 30 


0.0105 


0. O084 


0.0221 






2 


0.012 


0. 28 


1.80 


0. 27 


0. 0080 


0. 0096 


0.0170 




// 


3 


0. 042 


1.45 


1.88 


0. 32 


0. 0070 


0. 0070 


0.0113 




n 


4 


0. 022 


0. 02 


1.52 


0.45 


0. 0099 


0.0121 


0. 0207 


P : 0. 065, Nb : 0. 031 


» 


5 


0.013 


0, 32 


0.42 


0. 29 


0. 0077 


0. 0085 


0.0159 


Cu : 0.30, Ni : 0.42. Cr : 0. 14 


a 


6 


0.018 


0. 03 


1.65. 


0.34 • 


0. 0098 


0.0110 


0.0188 


Nb : 0. 027. Uo : 0. 10, P : 0. 060 


// 


7 


0.019 


0. 15 


1.26 


0. 31 


0. 0067 


0. 0092 


0.0192 


Ho : 0. 32. W : 0. 08, V : 0. 24 


// 


8 


0. 021 


0. 30 


1.56 


0. 27 


0. 0232 


0.0167 


0. 0220 


Ca : 0.0018. Nb : 0.029. P : 0. 05 


» 


9 


0. 027 


0. 40 


1.25 


0. 30 


0. 0056 


0. 0060 


0.0176 


REM : 0. 010, Ca : 0. 0013. Nb:0.02 


V 


to 


0. 030 


0. 56 


2. 00 


0. 28 


0. 0087 


0.0160 


0. 0280 


To : 0. 13. Zr : 0.23 




11 


0.012 


0.28 


2. 14 


0. 28 


0. 0092 


0. 0098 


0. 0093 


REM : 0. 0088 




12 


0. 028 


0.48 


1.25 


0. 38 


0. 0094 


0.0101 


0. 0201 


Pb : 0. 15. Bi : 0.07 


* 


13 


0. 028 


0. 53 


L33 


0. 23 


0.0109 


0. 0124 


0. 0228 


Al : 0.051, So: 0.16 


ft 


14 


0. 022 


0. 55 


L29 


0.57 


0. 0067 


0. 0081 


0. 0160 


Se : 0. 13. Sb : 0.20 


A 


15 


0. 016 


1. 15 


[.55 


0. 30 


0.0112 


0.0142 


0.0177 


Ti : 0. 030. Mo : 0. 18 


ff 


16 


0.014 


0.49 | 


2. 15 


0.41 


0. 0084 


0.0081 


0. 0180 


Ms: 0.014, Bf: 0.012. Co : 0. 05 


/r 



[0 0 42 
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No. 


« # ffl « (siass^) 






Si 


Un 


S 


B 


N 


0 


^ O jft 


« m 




a aoa 
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